Introduction
Human genome-sequence data indicate that more than 90% of the DNA sequence is actively transcribed, but only 2% of it encodes protein, and thus the majority of transcripts are referred to as long noncoding RNAs (lncRNAs). 1, 2 Small ncRNAs, such as microRNAs (miRNAs), have been studied extensively, and their roles in gene regulation and cell function have been elucidated in numerous cancers. 2 Recent studies have shown that lncRNAs play important roles in both normal development and diseases, including cancer. 3 lncRNAs have emerged as new players in cancer research, and several studies have shown that some lncRNAs function as oncogenes, tumor-suppressor genes, or both, depending on the circumstances. 4 Several lncRNAs have been reported to be involved in ovarian cancer. HOTAIR, a cell cycle-associated lncRNA, has been revealed to be overexpressed in ovarian cancer, and significantly correlated with advanced tumor stage, high histological grade, and poor prognosis. Knockdown of HOTAIR could notably suppress cellular proliferation, inhibit invasion, and decrease the secretion of MMP2 and MMP9 in ovarian cancer. 5 In addition, Ruan et al reported that the lncRNA SNHG12 gene promoted cell proliferation and migration by upregulating AMOT gene expression in ovarian cancer cells in vivo and in vitro. MALAT1 is located on chromosome 11q13, and the expression of MALAT1 has been reported to be upregulated in several cancers, including lung, breast, pancreas, liver, colon, uterus, cervix, and prostate cancer.
7 MALAT1 expression is an independent prognostic parameter for survival in several cancers. 7 Cai et al reported that the lncRNA MALAT1 plays an oncogenic role in ovarian cancer and may be a promising therapeutic target for the treatment of ovarian cancer patients. 8 Moreover, MALAT1 has been reported to be an oncogenic lncRNA that promotes proliferation and metastasis of ovarian cancer via the PI3K-Akt pathway. 9 Although emerging evidence has suggested that MALAT1 is associated with ovarian cancer progression and prognosis, the underlying mechanism remains unclear.
iASPP, a member of the ASPP family, was considered as an oncogene that inhibits apoptotic cell death typically after DNA damage. The high expression of iASPP in cancers is associated with worse disease status, therapy resistance, and poor survival of patients. 10 iASPP has been reported to be associated with the chemoresistance of ovarian cancer; 11 however, whether iASPP is involved in ovarian cancer-cell growth remains unclear.
In this study, we report an interaction between MALAT1 and miRNA (miR)-506, which regulates ovarian cancer-cell growth through direct targeting of iASPP. Our findings provide a novel understanding of the role of MALAT1 and miR-506 in ovarian cancer progression and the mechanism involved.
Materials and methods cells and reagents
The human ovarian cancer-cell lines SKOV3, A2780, HO8910, and CAOV3 and normal human ovarian surface epithelial cells (HOSEPiCs) were purchased from the American Type Culture Collection. Trizol reagent and Lipofectamine 2000 were from Thermo Fisher Scientific (Waltham, MA, USA), SYBR green master mix was from Takara (Kyoto, Japan), Dulbecco's Modified Eagle's medium and fetal bovine serum were from Thermo Fisher Scientific, and 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium was from Beyotime (Haimen, China).
Tissue specimens
Thirty paired ovarian cancer specimens and corresponding adjacent nontumor tissues were collected from tumor surgical resections in Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University (Guangzhou, China). All human tissues were obtained with written informed consent, and this study was approved by the Clinical Research Ethics Committee of Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University.
cell transfection
Both the miRNA mimics and small-interfering RNAs (siRNAs) were synthesized by GenePharma (Shanghai, China). Oligonucleotide and plasmid transfection were conducted by using the Lipofectamine 2000 transfection reagent, followed by the protocol recommended by the manufacturer. After 48-hour transfection, the cells were collected and used for further investigations.
MTT assay
Following transfection, cell proliferation was assessed using MTT assay (Promega Corporation, Fitchburg, WI, USA), according to the manufacturer's instructions. Cells were seeded into 96-well plates at a density of 5,000 cells per well. After 24 hours, cells were transfected with 100 nM miR-506 mimic/miR-506 negative control (NC), si-MALAT1/si-NC, or si-iASPP/si-NC. After an additional 24 hours, 20 μL of 5 mg/mL MTT (Sigma-Aldrich, St Louis, MO, USA) was added into each well and incubated for 4 hours in a humidified incubator. The supernatant was then discarded, and 200 μL of dimethyl sulfoxide was added to each well to dissolve the formazan. Optical density was measured at 490 nm. The viability of the cells without any treatment was defined as 100%, and the viability of other groups was calculated separately from that of the sham cells.
BrdU incorporation assay
Bromodeoxyuridine (BrdU) assays were performed to determine DNA synthesis at 24 and 48 hours after transfecting SKOV3 and A2780 cells with miR-506 mimic/miR-506 NC, si-MALAT1/si-NC, or si-iASPP/si-NC. The infected cells were cultured for 24 or 48 hours and incubated with a final concentration of 10 μM BrdU (BD Biosciences, San Jose, CA, USA) for 2-24 hours. At the end of the incubation period, the medium was removed, the cells were fixed for 30 minutes at room temperature, incubated with peroxidase-coupled anti-BrdU antibody (Sigma-Aldrich) for 60 minutes at room temperature, washed with phosphate-buffered saline, incubated with peroxidase substrate (tetramethylbenzidine) for 30 minutes, and absorbance values were measured at 450 nm.
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MalaT1-regulated mir-506 modulates ovarian cancer growth via iasPP (PCR). The following primers were used to detect the expression of MALAT1 and GAPDH (internal control): MALAT1 (sense), 5′-AAAGCAAGGT CTCCCCACAA G-3′; MALAT1 (antisense), 5-GGTCTGTGCT AGATCAAAAG GCA-3′; GAPDH (sense), 5′-AGAAGGCTGG GGCT-CATTTG-3′; and GAPDH (antisense), 5′-AGGGGCCATC CACAGTCT TC-3′. The relative fold changes of candidate genes were analyzed by using the 2 −ΔΔ CT method.
Western blot
Cell lysates were lysed by radioimmunoprecipitation-assay buffer (Sigma-Aldrich) with a complete protease-inhibitor cocktail (Roche, USA). Cell lysates were transferred to a 1.5 mL tube and kept at −20°C before use. Sodium dodecyl sulfate polyacrylamide-gel electrophoresis was conducted to separate the cellular proteins. All the cellular proteins within this study were separated by 5% stacking gel and 10% running gel. The molecular weight of candidate proteins was determined according to prestained SeeBlue rainbow marker (Thermo Fisher Scientific), loaded in parallel. The membranes were probed with the following antibodies: MALAT1 (Santa Cruz Biotechnology, Dallas, TX, USA), iASPP (Abcam, Cambridge, UK), and β-actin (SigmaAldrich). The blots were detected with Kodak film developer (FujiFilm, Tokyo, Japan).
luciferase-reporter assay
With the Lipofectamine 2000 transfection reagent, SKOV3 cells cultured in 24-well plates were cotransfected with luciferase-reporter plasmids and miRNA mimics, as well as the internal control: purified respiratory syncytial virus (pRSV)-β-galactosidase vector. At 48-hour posttransfection, SKOV3 cells were lysed by lysis buffer (25 mM Tris phosphate, 1% Triton X-100, 1 mM dithiothreitol, 2 mM ethylenediaminetetraacetic acid, 10% glycerol, pH 27.8). After centrifugation at 14,000 rpm for 3 minutes, the supernatant was transferred to a new 1.5 mL tube. Luciferase activity was monitored by mixing 50 μL supernatant with 50 μL luciferaseassay buffer using a GloMax 20/20 luminometer (Promega). β-Galactosidase activity from the pRSV-β-galactosidase vector was used for normalization of the luminescence levels. O-nitrophenyl-β-galactoside (ONPG) colorimetric assays were performed to measure β-galactosidase activity. Supernatant (50 μL) from the aforementioned cell extract was mixed with 100 μL of ONPG solution (0.666 mg/mL ONPG, 40 mM NaH 2 PO 4 , 60 mM Na 2 HPO 4 , 10 mM KCl, 1 mM MgSO 4 , 2% β-mercaptoethanol). β-Galactosidase activity was evaluated by the measurement of O-nitrophenol using an enzyme-linked immunosorbent-assay plate reader (Bio-Rad Laboratories, Hercules, CA, USA) at a wavelength of 450 nm.
statistics
Experimental results are presented as mean ± standard deviation. Comparisons between two groups were conducted using two-tailed Student's t-test, and differences were considered statistically significant when P0.05.
Results

lncRNA-MALAT1 specifically upregulated in ovarian cancer tissues and cell lines
Initially, the expression levels of MALAT1 in 30 paired samples (ovarian cancer specimens and corresponding adjacent nontumor tissues) were examined using real-time PCR. Results showed that MALAT1 expression was significantly higher in tumor tissues than adjacent tissues ( Figure 1A) . Then, MALAT1 expressions in four human ovarian cancer 
MalaT1 promoted ovarian cancer-cell growth
Next, we investigated the association of MALAT1 expression with ovarian cancer-cell proliferation and DNA synthesis. MALAT1 knockdown was achieved by si-MALAT1, and inhibitory efficiency was verified by real-time PCR (Figure 2A ). Two ovarian cancer-cell lines, SKOV3 and A2780, were transfected with si-NC or si-MALAT1, and then cell proliferation and DNA synthesis were determined by MTT and BrdU assays. MTT assays revealed that knockdown of MALAT1 significantly attenuated the proliferation of both the SKOV3 and A2780 cell lines over time compared with the si-NC group ( Figure 2B and C). BrdU assay revealed that knockdown of MALAT1 markedly reduced DNA synthesis of both the SKOV3 and A2780 cell lines ( Figure 2D and E) compared with the si-NC group. Taken together, these data revealed that lncRNA-MALAT1 was specifically upregulated in ovarian cancer tissues and cell lines and promoted ovarian cancer-cell growth and DNA synthesis.
mir-506 expression downregulated in ovarian cancer tissues and negatively correlated with lncrna-MalaT1
According to previous studies, the miR-376 family plays a suppressive role in ovarian cancer. 12, 13 To investigate further the mechanism by which MALAT1 regulates ovarian cancer-cell growth, we detected the association of miR-506 with MALAT1. Results from real-time PCR showed that the expression levels of miR-506 were significantly upregulated after knockdown of MALAT1 compared with the si-NC group ( Figure 3A) . Then, miR-506 mimics were used to achieve miR-506 overexpression, and expression levels of miR-506 were verified by real-time PCR in the SKOV3 and A2780 cell lines ( Figure 3B ). The expression levels of MALAT1 were determined by real-time PCR in response to miR-506 overexpression. Results showed that MALAT1 expression was decreased in response to miR-506 overexpression compared with the miR-506 NC group ( Figure 3C) . Moreover, expression levels of miR-506 were significantly downregulated in tumor tissues compared with adjacent normal tissues ( Figure 3D ). We examined the potential correlation among the RNA-expression levels of MALAT1 and miR-506, and an inverse correlation between MALAT1 and miR-506 expressions was observed ( Figure 3E ).
MalaT1 regulated mir-506 by direct targeting
To detect the mechanism by which MALAT1 regulates miR-506, a wild-type (wt)-MALAT1 3′-untranslated region (UTR) luciferase-reporter vector (wt-MALAT1) and a mutant (mut)-MALAT1 3′-UTR luciferase-reporter vector (mut-MALAT1) were constructed by sequentially mutating the two predicted miR-506-binding sites in the MALAT1 3′-UTR ( Figure 4A) . We cotransfected the wt-MALAT1/ mut-MALAT1 vectors and miR-506 NC/miR-506 mimics into SKOV3 cells. The luciferase activity of the wt-MALAT1 3′-UTR luciferase-reporter vector was significantly reduced in miR-506 mimic-transfected cells compared to control groups ( Figure 4B ). Moreover, miR-506-mediated repression of MALAT1 3′-UTR luciferase-reporter activity was abolished by mutation of the putative miR-506-binding site in the MALAT1 3′-UTR ( Figure 4B ).
mir-506 inhibited ovarian cancer-cell growth
It has been indicated that miR-506 functions as a tumor suppressor in several cancers. 14, 15 Here, MTT assay was used to determine ovarian cancer-cell growth in response to miR-506 overexpression. It was observed that cell proliferations of both the SKOV3 and A2780 cell lines were reduced when miR-506 was overexpressed compared with the miR-506 NC group ( Figure 5A and B) . Results from BrdU assays indicated that miR-506 overexpression markedly reduced DNA synthesis of both the SKOV3 and A2780 cell lines compared with the miR-506 NC group ( Figure 5C and D) .
mir-506 regulated iasPP expression by direct targeting
iASPP has been reported to be the direct target of miR-376c, one member of the miR-376 family. 12 In order to investigate the association of miR-506 with iASPP in ovarian cancer, we created a wt-iASPP 3′-UTR luciferase reporter vector (wt-iASPP), as well as a mut-iASPP 3′-UTR luciferase reporter vector (mut-iASPP) by sequentially mutating the predicted miR-506-binding site in the iASPP 3′-UTR ( Figure 6A) . We cotransfected the wt-iASPP/mut-iASPP vectors and miR-506 NC/miR-506 mimics into SKOV3 cells. The luciferase activity of the iASPP 3′-UTR luciferase-reporter vector was significantly reduced in 
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MalaT1-regulated mir-506 modulates ovarian cancer growth via iasPP miR-506 mimic-transfected cells compared to control groups ( Figure 6A ). Moreover, miR-506-mediated repression of iASPP 3′-UTR luciferase-reporter activity was abolished by mutation of the putative miR-506-binding site in the iASPP 3′-UTR ( Figure 6A ). Next, results from Western blot showed that the expression of iASPP was significantly downregulated by miR-506 overexpression in both the SKOV3 and A2780 cell lines ( Figure 6B ). Moreover, expression levels of iASPP were significantly upregulated in tumor tissues compared with adjacent normal tissues ( Figure 6C ). We examined the potential correlation among the RNAexpression levels of iASPP and miR-506, and an inverse correlation between iASPP and miR-506 expressions was observed ( Figure 6D ). 
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MalaT1 was positively correlated with iasPP
To investigate further the role and correlation of MALAT1 and iASPP in regulating human ovarian cancer proliferation, we determined the potential correlation between the RNA-expression levels of MALAT1 and iASPP. A positive correlation between the expression levels of MALAT1 and iASPP was observed ( Figure 7A ). Western blot results showed that protein contents of iASPP in the SKOV3 and A2780 cell lines were significantly decreased in response to Figure 6 mir-506 regulated iasPP expression by direct targeting. Notes: (A) a wt-iasPP 3′-UTr luciferase-reporter vector (wt-iasPP) and a mut-iasPP 3′-UTr luciferase reporter vector (mut-iasPP) were created by sequentially mutating the predicted two mir-506-binding sites in the iasPP 3′-UTr. The wt-iasPP/mut-iasPP vectors and mir-506 nc/mir-506 mimics were cotransfected into sKOV3 cells. The luciferase activity of the iasPP 3′-UTR luciferase-reporter vector was significantly reduced in miR-506 mimic-transfected cells compared to control groups. miR-506-mediated repression of iasPP 3′-UTr luciferase-reporter activity was abolished by mutation of the putative mir-506-binding site in the iasPP 3′-UTr. (B) Western blot assay showed that the expression of iASPP was significantly downregulated by miR-506 overexpression in both SKOV3 and A2780 cell lines. (C) expression levels of iasPP were significantly upregulated in tumor tissues compared with adjacent normal tissues. (D) an inverse correlation between iasPP and mir-506 expressions was observed. Data presented as mean ± standard deviation of three independent experiments. **P0.01. Abbreviations: mir, microrna; wt, wild type; UTr, untranslated region; mut, mutant; nc, negative control.
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MalaT1-regulated mir-506 modulates ovarian cancer growth via iasPP MALAT1 knockdown by si-MALAT1 or iASPP inhibition by si-iASPP ( Figure 7B and C).
iasPP promoted ovarian cancer-cell growth
To investigate the effect of iASPP on ovarian cancer-cell growth, we determined ovarian cancer-cell growth in response to iASPP knockdown. According to MTT-assay results, ovarian cancer-cell growth was attenuated in response to iASPP inhibition by si-iASPP ( Figure 8A and B) . Moreover, BrdU results showed that DNA synthesis of both the SKOV3 and A2780 cell lines was reduced after iASPP inhibition ( Figure 8C and D) .
MalaT1 regulated ovarian cancer-cell growth through iasPP
Since we had demonstrated that MALAT1 was positively correlated with iASPP and that iASPP promoted ovarian cancercell growth, we further investigated whether MALAT1 could regulate MALAT1 through iASPP. Transfection of plasmid cDNA (pcDNA)-3.1/iASPP into SKOV3 and A2780 cell lines was generated to achieve iASPP overexpression. Transfection efficiency was verified using Western blot assay ( Figure 9A ). Then, si-NC/si-MALAT1 and pcDNA3.1/iASPP were cotransfected into the SKOV3 and A2780 cell lines. MTT and BrdU assays were used to determine cell growth. Results showed that the growth of both the SKOV3 and A2780 cell lines was significantly reduced in response to MALAT1 knockdown by si-MALAT1, while it was promoted in response to iASPP overexpression; the inhibitory effect of si-MALAT1 on SKOV3 and A2780 cell growth was partly restored by iASPP overexpression ( Figure 9B ). Similar results were observed in BrdU assay: the DNA synthesis of both the SKOV3 and A2780 cell lines was significantly reduced in response to MALAT1 knockdown by si-MALAT1, while it was promoted in response to iASPP overexpression; the inhibitory effect of si-MALAT1 on SKOV3 and A2780 cell DNA synthesis was partly restored by iASPP overexpression ( Figure 9C ). In sum, MALAT1 regulated ovarian cancer-cell growth through iASPP. MalaT1 regulated ovarian cancer cell growth through iasPP. Notes: (A) Transfection of pcDNA3.1/iASPP into SKOV3 and A2780 cell lines was generated to achieve iASPP overexpression. Transfection efficiency was verified using Western blot assay. (B) MTT assay was generated to determine the growth of sKOV3 and a2780 cell lines in response to cotransfection of si-nc/si-MalaT1 and pcDna3.1/iasPP. (C) Bromodeoxyuridine assay was generated to determine the Dna synthesis of sKOV3 and a2780 cell lines in response to cotransfection of si-nc/ si-MalaT1 and pcDna3.1/iasPP. Data presented as mean ± standard deviation of three independent experiments. *P0.05; **P0.01. Abbreviations: pcDna, plasmid complementary Dna; si, small interfering; nc, negative control; OD, optical density.
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Discussion
LncRNA-MALAT1 has been reported to be upregulated in many cancers. 16 Initially, we looked at MALAT1 miRNA expression in ovarian cancer tissues and cell lines compared with adjacent tissues and a normal cell line and found that MALAT1 expression was significantly higher in ovarian cancer tissues and cell lines. After siRNA knockdown of MALAT1, cell proliferation and DNA synthesis were significantly decreased in ovarian cancer-cell lines. These results suggested that MALAT1 functions as an oncogene in ovarian cancer, consistent with results from Hirata et al, where MALAT1 promoted human renal cancer-cell growth. 17 The molecular mechanism by which MALAT1 promotes cancer-cell proliferation varies by cancer species. MALAT1 may promote colorectal cancer-tumor development via its target protein AKAP9. 18 In the context of kidney clear-cell carcinoma, MALAT1 promote kidney clear-cell carcinoma proliferation and metastasis through sponging miR-200s in vitro and in vivo. 19 miR-200s can partly reverse MALAT1's stimulation on proliferation and metastasis in kidney clear-cell carcinoma. 19 Moreover, a significant negative correlation exists between miR-101 or miR-217 and MALAT1 in esophageal squamous cell carcinoma, and silencing of MALAT1 inhibits proliferation, migration, and invasion of esophageal squamous cell carcinoma cells. 20 These studies suggest this lncRNA-miRNA interaction plays an important role in cancer progression through regulation of cancer growth and metastasis.
In the present study, we revealed the regulation of miR-506 by MALAT1 for the first time. Knockdown of MALAT1 upregulated miR-506, while forced miR-506 overexpression inhibited the expression of MALAT1. miR-506 has been regarded as a tumor-suppressive miRNA, and has been reported to be involved in hepatocellular carcinoma, melanoma, and glioblastoma. 14, 15, 21, 22 Studies have revealed that miRNAs, miR-506 included, mapped to the 14q32 locus regulate proliferation, apoptosis, migration, and invasion in cancer cells. 21, 23 In the presents study, we revealed that miR-506 regulates ovarian cancer growth and DNA synthesis by targeting iASPP. Since we have also demonstrated that MALAT1 downregulates miR-506 by direct targeting in ovarian cancer cell lines, as exhibited by real-time PCR assays and luciferase-reporter gene assays, we assumed that MALAT1 may regulate iASPP through miR-506.
To detect the correlation of MALAT1 and iASPP in ovarian cancer-cell growth regulation, siRNA has been transfected into ovarian cancer cell lines to knock down MALAT1 or iASPP. As expected, iASPP was downregulated by both MALAT1 knockdown and si-iASPP. In addition, the proliferation and DNA synthesis of ovarian cancer-cell lines were reduced after iASPP inhibition, consistent with Yang et al, where miR-205 regulated cell proliferation, invasion, and migration by targeting TGFα in osteosarcoma, and enforced expression of TGFα sufficiently restored the effects of miR-205 on cell proliferation, invasion, and migration. 24 Moreover, iASPP ectopic overexpression was achieved to investigate whether it could restore the effect of MALAT1 on ovarian cancer-cell growth. As exhibited by MTT and BrdU assays, the growth and DNA synthesis of both the SKOV3 and A2780 cell lines were significantly reduced in response to MALAT1 knockdown by si-MALAT1, while they were promoted in response to iASPP overexpression; the inhibitory effect of si-MALAT1 on SKOV3 and A2780 cell growth and DNA synthesis was partly restored by iASPP overexpression. Taken together, MALAT1 regulates ovarian cancer-cell proliferation and DNA synthesis through the miR-506-iASPP axis. In conclusion, MALAT1/miR-506/iASPP axis plays a key role in ovarian cancer growth, and provides a potential therapeutic application in ovarian cancer patients.
